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(57) An integrated vehicle communications sys- 
tem for on-board use within a vehicle which 
may also communicate with external portions of 
the system which includes miniaturized, self- 
contained read/write transponders 20, 22, 30 of 
the type disclosed in Schuermann US Patent 
5,053,774, for providing functions within the 
vehicle, e.g., for sensing conditions and par- 
ameters. The on-board interrogation unit 10 
interrogates and receives signals by RF com- 
munication provided by on-board antennas 14, 
26, 28 between the interrogation unit and res- 
pective transponders for read/write responder 
operation. The processor 33 with display device 
34a and/or control circuits 34b carries out on- 
board functions in response to such interro- 
gation. A transponder 22 may serve as a vehicle 
operator key by which the system may verify key 
code, unlock the vehicle doors, as well as select 
and perform initialization functions including 
ignition, seat and seat belt adjustment, mirror 
positioning, and antitheft functions before ve- 
hicle entry by the operator. A transponder 30 
may access external control data for premises 
or toll access, and may provide toll or credit or 
service transactions, as for authorization or 
verification or toll charge debiting purposes. 
The system may include also IR links. 
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Background of the invention 

1. Field of the Invention 

The invention relates to systems for automotive 
control and warning and communication within and 
with respect to vehicles. Wired automotive systems 
as so used for control and warning functions have at 
times been referred to us as automotive wiring sys- 
tems or as automotive electrical systems but may be 
generically regarded as automotive signal and control 
systems. The invention specifically relates to a novel 
integrated vehicle communications system for such 
signal and control purposes. 

2. Related Art 

A "vehicle" as used in this disclosure means any 
automotive vehicle or other automotive apparatus, 
machine, device, mechanized equipment or craft in 
which the presently disclosed system may be useful. 
Such usage includes private or commercial passen- 
ger vehicles, such as cars, trucks and buses, or such 
as cargo and other commercial vehicles, as well as 
aircraft and watercraft. 

By "operator" or "driver" is meant in this disclo- 
sure any person or crew who operates such a vehicle 
or who may be equipped or potentially recognized by 
the presently disclosed system to be an authorized 
operator, driver or user of such a vehicle. . 

The term "on-board" or "internal" in the present 
disclosure connotes the characteristic of being car- 
ried aboard or upon or within such a vehicle. "Exter- 
nal" or "outboard" connotes a characteristic of being 
exterior to and/or remote from such vehicle. 

In known applications of automotive control and 
warning for vehicles, it has been known to employ ve- 
hicle remote signalling devices providing operator 
control typically limited to simple vehicle operator-to- 
vehicle commands such as door, hood and trunk lock 
and unlock, vehicle lighting and ignition control and 
anti-theft arm and disarm. Thus it is known to employ 
small battery-operated radio frequency (RF) devices 
of limited range, such as garage door opening con- 
trols, as well as small battery-operated infrared (IR) 
radiation signalling devices for door locking or vehicle 
security system enablement/disablement. Further, 
such hand-held signalling devices are typically un- 
able to receive and store externally transmitted mes- 
sages originating from the vehicle or from outside 
agencies. 

Self-contained, miniaturized transponders are 
now known that employ an interrogator-responder ar- 
rangement having an EEPROM data storage device 
and a capacitor used as an energy accumulator by be- 
ing charged by the energy of radio frequency interro- 
gation to power the responder. Such a transponder 
arrangement is disclosed in Schuermann etal US Pa- 



tent 5,053,774, of the present inventor. Said Schuer- 
mann et ai US Patent 5,053,774, is herein incorporat- 
ed by reference. Other interrogator/transponder ar- 
rangements and transponder operating modes can 
5 also be used for automotive control and warning sys- 
tems. 

A need in the art exists to provide vehicle on-bo- 
ard automotive communication system which can 
provide signalling and control for multiple vehicle 
10 and/or operator functions. It is desired to be able to 
use the transponders in a vehicle communications 
system for such purposes. 

It is desired to be able specifically to use such 
transponders of Schuermann US Patent 5,053,774 in 
15 a vehicle communications system for such purposes. 

Summary of the Invention 

The invention relates to an automotive signal and 

20 control system with which a vehicle is to be equipped. 
The system may be generically referred to as a auto- 
motive on-board integrated signal communications 
and control system, and is herein termed integrated 
vehicle communications system. 

25 The invention provides such a system having 

special utility, namely an on-board integrated auto- 
motive communication system providing signalling 
and control and other types of communication for 
multiple vehicle and/or operator functions within the 

30 vehicle, as well as for other purposes discussed here- 
in, and specifically by employing within a vehicle or 
accessories like vehicle keys one or more self- 
contained read/write transponders for various pur- 
poses. Such functions and purposes may include, 

35 among others, initialization, control, monitoring and 
other communication within or with the vehicle, as 
well as still others indicated below. Advantageous use 
of the invention may be especially made in connection 
with vehicles such as private or commercial passen- 

40 ger vehicles. Potential automotive applications of the 
invention may include, in addition to private or com- 
mercial passenger vehicles, trucks and buses, or 
such as cargo and other commercial vehicles, as well 
as aircraft and watercraft 

45 The invention thus contemplates a multichannel 

integrated communications system for establishing 
communication links between and among (a) the ve- 
hicle user/operator (whether within or outside the ve- 
hicle), as by equipage of the operator with system 

50 components and by means of displays, (b) the oper- 
ator station of a vehicle, including displays, seat, and 
other operator controls and accessories, (c) vehicle 
internal sub-systems and components, and (d) data, 
information, authorization, or interrogation sources 

55 external to the vehicle. 

The proposed automotive communications sys- 
tem advantageously employs within a vehicle plural 
self-contained read/write transponders for purposes, 
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among others, of initialization, control, monitoring 
and other communication, and wherein the plural self- 
contained read/write transponders provide communi- 
cation with a central in-vehicle read/write message in- 
terrogator, i.e., a controller, and display unit of the 
system for initialization, control, monitoring and other 
communication, among possible others, namely: for 
performing a multiplicity of initialization and monitor- 
ing functions internal to the vehicle and communica- 
tion such as for enhanced driver control and conve- 
nience; for carrying out credit transaction approval or 
validation and debiting as at toll stations, as well as 
gaining entry to controlled facilities, portals and traf- 
f icway control, e.g., for parking access or for traffic- 
way access and charge stations, en-route toll sta- 
tions; and for delivery of operator warning and alert 
messages or signals, as delivered to the vehicle by 
broadcast road alert and warning transmitters. 

The proposed vehicle communications system 
may use its on-board transponders as the means of 
identifying and instrumenting vehicle components, 
e.g., road wheel presence, identification, tire temper- 
ature and pressure, as may be signalled from wheel 
mounted transponders of the system. 

Transponders of the new vehicle communica- 
tions system can be configured to provide a complete 
vehicle antitheft and security surveillance system as 
well as to provide an emergency or personal safety 
system where, for example, the driver or key holder 
activates the car alarm by means of a button or switch 
on the key. 

As a further advantage of the invention it is noted 
that such transponders with their individual memories 
with read/write capabilities and identification capabil- 
ities provide within a vehicle a system of decentral- 
ized memory (of read/write type) and identification 
functions not heretofore practical for vehicle commu- 
nication and control systems. 

Briefly, an integrated vehicle communications 
system for on-board use within a vehicle comprises at 
least one but preferably a plurality of miniaturized, 
self-contained read/write transponders each having 
means charged by the energy of radio frequency in- 
terrogation for serving as the power source for the re- 
spective read/write transponder operation, the trans- 
ponders each providing a vehicle function. An inter- 
rogation unit, i.e., controller, on-board the vehicle in- 
terrogates and receiving signals from the respective 
transponders. Means is included, comprising small 
on-board antennas, for providing RF communication 
links between the interrogation unit and each of the 
transponders for read/write responder operation by 
them in response to interrogation. Display and/or aux- 
iliary control circuits serve as means responsive to 
the interrogation unit for carrying out on-board func- 
tions in response to such operation. 

Preferably, the new vehicle communications sys- 
tem may utilize miniature self-contained transpond- 



ers of type and a so-called TIRIS reader, i.e., an in- 
terrogation unit, as disclosed in said Schuermann US 
Patent 5,053,774. Such transponders employ an in- 
terrogator responder arrangement having an EE- 

5 PROM data storage device and a small capacitor 
serving as an energy accumulator charged by the en- 
ergy of radio frequency interrogation to power the 
transponders which may accordingly send, receive 
and store digital data. The transponders are deter- 

10 mined to be sufficiently small to be inconspicuously 
mounted inside or outside the vehicle and to replace 
or supplement a conventional vehicle door and igni- 
tion key. The TIRIS reader is used to interrogate and 
thus monitor such transponders, any is combined 

15 with a processor as well as display and control means 
suitable to achieving the intended functions, conve- 
niences and advantages of the new vehicle commu- 
nications system. 

In a system of the present invention plural trans- 

20 ponders preferably may be inconspicuously located 
on-board the vehicle or hand-carried by an operator, 
in the form of a key transponder, to permit access to 
the vehicle and to receive and store received data 
from external sources. 

25 The group of transponders are thus monitored by 

the TIRIS reader as an on-board controller/interroga- 
tor (the term TIRIS being an acronym known to some 
persons skilled in the art as denoting certain types of 
equipment utilizing the transponder arrangement is 

30 disclosed in said Schuermann et al US Patent 
5,053,774) by reading from and writing to individual 
transponders, processing received messages, dis- 
playing messages on request or automatically dis- 
playing alerts and warnings which require the vehicle 

35 operator's immediate attention. 

The group of transponders operating under the 
control of the TIRIS reader permits a flow of informa- 
tion among or between the vehicle operator, vehicle 
systems and components, and outside sources such 

40 as road toll, parking toll and broadcast alert stations. 

The key transponder provides outboard re- 
sponse before operator entry of the vehicle by re- 
sponding to the TIRIS reader by transmitting the ve- 
hicle identifying code. The TIRIS reader may thus 

45 verify the key code, unlock the vehicle doors, as well 
as select and perform vehicle initialization functions 
including but not limited to ignition, seat and seat belt 
adjustment, mirror positioning, and antitheft device 
reset as the operator approaches the vehicle, and tak- 

50 ing a seat in the vehicle. The key transponder may 
service as media for parking access, toll charge cred- 
it, credit update, deduction and billings by receiving 
and storing messages from suitably equipped vehicle 
parking stations, and provide still other functions. 

55 Other objects will be in part apparent and in part 
pointed out below. 
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Brief Description of the Drawings 

FIG. 1 is a top-level functional block diagram 
which shows the functional elements and data paths 
of a preferred embodiment of the invention as real- 
ized by the interconnection of an array of read/write 
transponders, message processor, display and TIRIS 
reader in accordance with the invention. 

FIG. 2 is schematic illustration of a vehicle equip- 
ped with a system of the invention which includes the 
capability of interaction with road side or stationary 
based systems and functions. 

Detailed Description of the Preferred Embodiments 

Referring to FIG. 1, there is shown an integrated 
vehicle communications system according to the 
teachings of this invention. In FIG. 1 interrelationship 
between elements of the system as well as data path 
bi-directiona!ity is depicted symbolically; so also cer- 
tain components of the system are shown in block or 
symbolic form. 

FIG. 2 illustrates a vehicle which has installed a 
system according to the teachings of this invention 
such as shown in FIG. 1. Also shown in FIG. 1, as an 
example only, is the in-ground portion 8 of an AVI or 
parking lot access system which communicates with 
the system aboard the illustrated vehicle. In FIG. 2 in- 
terrelationship between elements of the various sys- 
tems is shown symbolically. 

In the embodiments shown in FIGS. 1 and 2 a 
central interrogation unit 10 (as may be referred to 
simply as controller 10) interrogates and receives sig- 
nals (that is, communicates) in multiplexed manner by 
means of a suitable multiplexer 12 of known type 
through respective on-board loop antennas 14 with 
one of several possible groups such as group 20' of 
miniaturized, self-contained read/write transponders 
(or which may be termed responders) 20^ . . . 20 n in- 
stalled on-board the vehicle, each such transponder 
being thus part of a read/write transponder system 
and each having an integrated circuit device serving 
as charge storage, i.e., energy accumulation, means 
which is charged by the energy of an RF interrogation 
pulse as the sole power source for read/write trans- 
ponder operation according to the disclosure of the 
above identified Schuermann et al U.S. Patent 
5,053,774. In read/write cycles, the respective trans- 
ponder first receives an interrogation signal pulse 
from the interrogation means and then responds to 
the interrogation means, with data characteristic to 
the transponder and/or the condition and/or parame- 
ter monitored by the sensor, under the power of the 
RF energy accumulated. It will also be appreciated 
that transponders with or without secondary func- 
tions can be employed as sensors which have batter- 
ies or the like as power sources. However, as dis- 
cussed above in the embodiment shown in FIG. 1, the 



powering signal is also used as an interrogation pulse 
to activate a transponder. 

There are several tiny or miniature transponders 
which are suitable for incorporating into the present 
5 invention. The various types of transponders also 
may use various communication techniques. For ex- 
ample, although the TIRIS system as set forth in the 
Schuermann etal patent, 5,053,774, and discussed in 
more detail hereinafter uses a half duplex (HDX) tech- 

10 nique, other possible transponder communication 
techniques may use a full duplex (FDX) technique; 
such as, for example, disclosed in U.S. Patent No. 
4,912,471 by Tyburski et al, U.S. Patent No. 
5,21 1 ,1 29 by Taylor et al, U.S. Patent Nos. 4,333,072, 

15 5,214,409, 5,257,011 to Beigel, and U.S. Patent No. 
4,918,955 to Kimura et al and all are herein incorpo- 
rated by reference. 

In addition, whereas the reader in the HDX sys- 
tem disclosed in Schuermann et al interrogates with 

20 a first frequency such as, for example, around 
134.2 KHz and then after the interrogation pulse 
ends, the transponder responds at that same fre- 
quency (about 134.2 KHz) along with a second fre- 
quency very slightly shifted from !, (such as, for ex- 

25 ample only, 124.2 or 144.2 KHz) so as to separately 
designate "O-'s and "1"'s. Other HDX communication 
techniques may interrogate at a first frequency; such 
as, for example, 400 KHz) and this responds at a fre- 
quency significantly shifted from the interrogation 

30 frequency (such as, for example 200 KHz). 

The new integrated vehicle communications sys- 
tem could have a single such transponder. But advan- 
tages of the invention are best realized by using plural 
such transponders, wherein the transponders pro- 

35 vide various functions for control, sensing and/or 
communication and other purposes according to the 
present disclosure. 

The transponders are carried within or upon the 
vehicle for providing an appropriate respective vehi- 

40 cle f unction, i.e. a specific use, which is useful for or 
in the vehicle or its operator, such as, for example, 
monitoring a parameter such as temperature, a con- 
dition, the presence or absence of another object 
such as part of the vehicle, or the existence, absence 

45 or verification of certain data. Still other possible such 
transponders may be carried by operator of the vehi- 
cle, or serving in an identification ("ID") mode or as 
part of a further communication link, as described be- 
low. 

so The group of transponders such as those desig- 

nated 20!... 20 n thus will be interrogated and there- 
by monitored by controller 10 which may preferably 
be (and may herein be referred to as) a TIRIS reader 
(the term TIRIS being an acronym known to some per- 

55 sons skilled in the art as denoting certain types of de- 
vices or equipment utilizing the transponder arrange- 
ment and TIRIS reader disclosed in said Schuermann 
et al US Patent 5,053,774). Controller 10 as thus con- 
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stltuted by a TIRIS reader is capable of detecting the 
proximity of, and reading from and writing to individ- 
ual transponders, and as described below, and is fur- 
ther capable with related components described be- 
low of processing received messages, displaying 5 
messages on request or automatically displaying 
alerts and warnings which require the vehicle opera- 
tor's immediate attention, by thus using means re- 
sponsive to controller 10 for carrying out any of vari- 
ous possible on-board functions, such as those de- 10 
scribed representatively in the following description, 
in response to such interrogation by controller 10 
serving as interrogating means. 

Communication between the TIRIS reader and 
what are thus seen to be satellite transponders is ef- 15 
fected by means small loop antennas connected by 
circuit wiring such as designated 11a, 11b, 11c which 
connects controller 10 to such loop antennas which 
are located in proximity to the individual transpond- 
ers. Multiplexer 1 2 is connected to several loop anten- 20 
nas 14-, . . . 14 n for communication with respective 
transponders 20, . . . 20 n which are to be interrogated 
in successively repeated interrogation read or 
read/write cycles. The first such loop antenna 14! is 
proximate to a first transponder 20 1t and so forth. 25 

Specifically such transponders employ an inter- 
rogator- responder arrangement having an EEPROM 
data storage device and a small capacitor serving as 
an energy accumulator charged by the energy of radio 
frequency interrogation to power the transponders 30 
which may accordingly send, receive and store digital 
data. The transponders are sufficiently small as to be 
inconspicuously mounted or carried within the vehicle 
at locations where a condition or parameter is to be 
directly monitored, and are suitable to replace exist- 35 
ing devices heretofore used for monitoring such con- 
dition or parameter. 

Transponders 20!... 20 n for example may be af- 
fixed to components of the vehicle such as road 
wheels, e.g. to tires themselves (as by being buried 40 
in tire tread). Also a transponder may be affixed to 
wheels, brakes, brake components, and may not only 
carry data identifying the specific transponder but 
may also include condition-monitoring or parameter- 
monitoring means, e.g., temperature-monitoring 45 
components such as thermistors of suitable type 
such as of positive or negative thermal or switching 
characteristic. The transponders may include suitable 
switching or contact devices so as to serve as antith- 
ef t sensors, door switches, etc. In general, the trans- 50 
ponders may include any of myriad position-monitor- 
ing, condition-monitoring or parameter-monitoring 
sensors or means. 

As illustrated in FIG. 2 there may be such a trans- 
ponder as typically illustrated as 20 x associated with 55 
a typical wheel assembly 21 x such as on a brake com- 
ponent for communication through a respective an- 
tenna, as typified by the antenna 14 x , proximate to 



the wheel and brake assembly for allowing monitoring 
of brake condition such as overheat or wear by cen- 
tral data processing system 10. Alternatively trans- 
ponder 20 x may be actually carried by the tire, and an- 
tenna 14 x carried peripherally at about the tire tread 
with there being a related counterpart antenna 
14/ coupling to antenna 14 x to be responsive by the 
detected presence or absence of transponder 20 x 
upon being interrogated by controller 10 to signal the 
presence of respective tires and wheels. A system 
warning may then be given by means 34a or 34b as 
may be appropriate, or an on-board alarm system 
may be activated. Such an arrangement is typical of 
the manner in which the various transponders of the 
system included in the vehicle shown in FIG. 2 are 
RF-coupled to controller 10 for interrogation/respon- 
der operation to provide functions useful for vehicle 
operation, control or communications, or useful for 
providing information to or for its operator. 

As concerns the vehicle operator in particular, 
transponder 22 is of special significance. Transpond- 
er 22 may not only be carried by the operator on-bo- 
ard when operating the vehicle but also provides re- 
mote control for some functions of the vehicle when 
carried by the vehicle operator as the operator ap- 
proaches the vehicle. Also, of course, transponder 22 
may permit access to the vehicle. Transponder 22 
may be termed accordingly a key transponder (or re- 
ferred to simply as a key or an RF or radio key), may 
be used in place of, i.e., to replace or supplement, the 
conventional vehicle door and ignition keys. In addi- 
tion, transponder 22 may accept data transmitted 
from the vehicle and from sources outside the vehi- 
cle. The operator may thus carry key 22 in lieu of a 
conventional type of key. For this purpose key 22 will 
communicate with a door module 24 suitably posi- 
tioned at 25 or 25a on an operator door for example. 
The module typically will include a loop antenna 26 
which communicates with controller 10. 

Key 22 may thus be used for vehicle entry control 
by serving as the media to provide vehicle access 
control data. The transponder data may be used to 
not only allow access to the vehicle but conceivably 
also might be used in its own right for access, for ex- 
ample, to a specific parking area or to premises 
where the vehicle is located. In addition, of course, 
the transponder alone or in combination with the 
mechanical aspects of the key may be used to pro- 
vide ignition control.That is, until the proper identifi- 
cation code is provided to the automobile ignition con- 
trol module, the automobile will not start or if started 
will not continue to run. 

Credit or service data may be read or written to 
key 22 by suitable means 23 whether by RF or by IR 
link so as to update and/or interrogate key 22 as may 
be desired for enablement or changing or verification 
of certain functions, certain types of operation, or ac- 
cess to certain premises. 
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Key 22 may serve other functions as well. With 
its read/write function it may be used for direct or sys- 
tem communication with a toll booth or control point, 
as for carrying an operator-entitled credit limit Thus, 
for example, it may enable, facilitate or authorize 5 
communication between the vehicle and a toll booth 
or other control or access point, by use of antenna 28 
for communicating via another transponder 30 posi- 
tioned for example on the front bumper of the vehicle. 
Such a location is suitable for communicating with a 10 
toll booth or control point, i.e., a point at which en- 
trance will be permitted to an authorized vehicle or 
authorized operator who will be identified by opera- 
tion of transponder 30. Identification transponder 30 
may for these purposes communicate with an in- 15 
ground loop-type antenna 31 which is part of a toll or 
automatic vehicle identification (AVI) system 32 at 
the toll booth or control point. 

When the vehicle passes through a toll station or 
control point, transponder 30, which may accordingly 20 
be termed the identification ("ID") transponder 30, 
may communicate with the toll/ AVI control system 32 
for conveying appropriate entry verification and cred- 
it authorization information. Antenna 28 will permit 
credit interrogation or identification verification sig- 25 
nals to be received and transmitted by controller 10, 
and may in the case of a toll charge convey an updat- 
ed credit limit. The credit information may be shared 
with or transmitted to or from key transponder 22 
which may thus carry data unique to the operator, and 30 
there may be a handshake transaction or verification 
accordingly for permitting the operator of the vehicle 
to use a toll road and/or to pay tolls on it. By such 
means, credit debiting resulting from passage 
through the toll booth may take place together with 35 
automatic deduction up to a credit limit. 

ID transponder 30 or key transponder 22 could be 
of a type using an IR data path rather than an RF link 
between the toll station and the vehicle. Thus, it will 
be understood that the configuration of the system 40 
does not preclude integration into the system of one 
or more IR links, and indeed may be implemented to 
advantage. 

As a further alternative, ID transponder 30 may 
be of the type which includes an independent power 45 
source; such as, for example, a so-called flatpak type, 
or the transponder may use the vehicle power source. 
If the vehicle power source is used, the transponder 
will have greater operating speed and range. This will 
increase the data rate by enabling the transponder to so 
transmit more rapidly upon interrogation than would 
be the case for a transponder transmission which 
only followed charge accumulation. 

The system of FIG. 1 further comprises a 
read/write message processor 33 which may contain 55 
a central processor unit (CPU) having one or more mi- 
croprocessors to communicate with the TIRIS reader, 
i.e., controller 10, to deliver information to either or 



both (a) an on-board display unit 34a for providing 
system information in the form of suitable alphanume- 
ric or graphic display to the operator in response to in- 
terrogation/ responder operation, such display being 
thus on the vehicle dashboard, for example; and/or 
(b) means 34b for carrying out specific vehicle on-bo- 
ard functions, such as driver automatic seat orienta- 
tion adjustment or control, adjusting the driver mirror 
position, and possible other control functions. Such 
actions and/or operations may be in response to the 
detection exteriorly of the vehicle of key 22, where 
such orientations or adjustments may be those 
uniquely associated with the authorized holder of key 
22. Processor 33 may thus issue commands via 
means 34b to vehicle components or vehicle subsys- 
tems appropriate to limits or parameters determined 
by key 22 or in response to signals from transponders 
20!... 20 n and/or ID transponder 30. As a further ex- 
ample, vehicle performance or maximum speed may 
be limited or enabled according to the capabilities of 
the holder of key 22 or in response to the detection by 
transponder 30 and/or antenna 28 of an unsafe con- 
dition or the existence of an area limitation upon 
speed. It would also be possible to impose speed lim- 
itations as a function of the components, or equip- 
ment on the automobile, or safety conditions, (e.g., 
the conditions of the tires). 

Regardless of the number of such transponders, 
the data encoded or stored in each transponder 
uniquely identifies the respective transponder to con- 
troller 10. 

Within the vehicle as illustrated in FIG. 2, a sys- 
tem such as shown in FIG. 1 may be implemented in 
various novel ways. Thus, referring to FIG. 2, the TI- 
RIS reader which constitutes controller 10 (which 
works in conjunction with processor 33) may cooper- 
ate with an antenna 36 with which there may be in RF 
relationship with a transponder 38 for detecting the 
presence of an approaching key 22, or which may in- 
stead be a transponder for monitoring or controlling 
another condition such as access to trunk or rear stor- 
age of the vehicle. Of course, such access to the 
trunk or rear storage may be with or without activating 
the car access or ignition systems. 

In operation the group or groups of transponders 
such as 20' communicate bi-directionally with con- 
troller 10 which is the so-called TIRIS reader. The 
method of communication is by RF transmission to 
and from a loop antenna such as antenna 14. This 
type of such communication being multiplexed ac- 
cording to known procedures by multiplexer 12 under 
the control of the TIRIS reader by means of transmis- 
sion with the respective antenna corresponding to 
each transponder. Transponders 2$^ to 20 n , 22 and 
30 are regularly interrogated at regular time intervals 
by controller 10 via antennas such as loop antennas 
14 and 26. Read/write message processor 33 com- 
municates with the TIRIS Reader, delivers informa- 
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tion to on-board display unit 34a, and issues com- 
mands to the vehicle subsystems in response to sig- 
nals from key transponder 22. 

As an exemplary sequence of vehicle accessing 
operations, the TIRIS reader 10 determines the pres- 5 
ence of an approaching key transponder 22 carried by 
an operator by RF transmissions, e.g., at one second 
intervals for a duration of a few milliseconds. Such 
transmission supplies RF power to key transponder 
22 which upon accumulating sufficient charge then 10 
transmits vehicle access codes to reader 10. After re- 
ception and verification, reader 10 via processor 33 
and control means 34b causes the vehicle to unlock 
a door or doors, by energization of a known central 
door locking/unlocking system. At this time, vehicle 15 
subsystems such as seat, seat belts, mirror and igni- 
tion are initialized using previously stored user pre- 
set requirements via the read/write message proces- 
sor 12 and the vehicle subsystems control means 
34b. 20 

Another safety embodiment can be realized by 
using the passive key 22 to signal an emergency or 
selected function at the automobile. This may be ac- 
complished by pressing a switch located on the key 
such that when the reader determines the presence 25 
of a key, the key returns a signal which activates the 
car alarm. 

The transmission range for vehicle access by the 
key transponder 22 similarly may be conveniently ex- 
tended by means of a small battery; such as, for ex- 30 
ample only, the so-called f latpak type carried on a cir- 
cuit board (not shown) carrying key transponder 22. 
As mentioned above, the transponder may be en- 
abled in response to a suitable push switch (not 
shown) in which case controller 10 need function in 35 
receive mode only continuously or for predetermined 
intervals. 

A further embodiment of the invention is the con- 
figuration of the system of FIG. 1 for advantageous 
use of such transponders to provide vehicle security, 40 
anti-theft and tampering surveillance functions. The 
group of such vehicle component transponders 20, to 
20 n shown in FIG. 1 may, for example, be mounted on 
or inside vehicle components such as road wheels 
and are regularly interrogated at regular time inter- 45 
vals by central data processing unit 1 0 via the suitable 
antennas such as loop antenna 14. Failure to detect 
the presence of one or more vehicle component 
transponders causes control 10 to activate vehicle 
anti-theft and/or alarm systems. 50 

A further advantageous use of vehicle compo- 
nent transponders of the present type is their use as 
instrumentation devices. In the case of road wheels, 
the transponders integrated with appropriate trans- 
ducers may signal tire temperature and air pressure 55 
to the TIRIS Reader for optional or priority display to 
the vehicle user. 

As a further illustration of use, the presence of 



each of the tires of the vehicle may be monitored by 
a transponder such as of the type 20, at each tire, 
generally as depicted in FIG. 2. If a wheel is stolen, 
controller 10 may provide alarm signalling to thereby 
provide an antitheft function. 

The interrogation pulse/read cycling indicated 
above is exemplary, but for energy saving purposes, 
interrogation of the various transponders 20!... 20 n , 
key transponder 22 and any other transponders of 
the system such as transponder 30 may be interrogat- 
ed periodically at a rate appropriate to the circum- 
stances, such as with a duty cycle, for example, of a 
few msec or less during each interval of from about 1 
sec to about 5 sec. It may be preferable that the trans- 
ponders be interrogated only according to the practi- 
cal frequency or at a permissible time interval of need 
for information. Most preferably, the interrogation 
controller 10 provides interrogating of the transpond- 
ers at intervals measured in the order of seconds and 
for pulse durations measured in the order of a few mil- 
liseconds 

Another advantageous configuration or embodi- 
ment of the invention results from making use of the 
read/write capability of vehicle key transponder 22 so 
that it serves as a media to receive and store toll credit 
limits and charge deduction and billing information 
from a parking toll station and to write this information 
to the TIRIS reader, namely controller 10, for display 
by display means 34a and to the vehicle ID trans- 
ponder 20 for parking access. Likewise, the 
read/write capability of the vehicle key transponder 
22 may also provide access to a gasoline pump. In the 
case of vehicle parking, the vehicle key transponder 
22 may also be used to receive credit limit and limit 
update messages from a stationary parking toll ser- 
vice station 28. Key transponder 22 retransmits this 
information to the vehicle via the vehicle ID trans- 
ponder 30 which relays it to the TIRIS reader, namely 
controller 10, for storage and display on request. 
When the vehicle leaves the parking area, the vehicle 
identification transponder signals provide an identi- 
fication to the toll station via in-ground antenna 28a 
thus enabling user automatic charge deduction 
and/or billing. 

In the case of vehicle operator- to- vehicle func- 
tions, in a typical sequence of operations, the TIRIS 
reader detects the proximity of vehicle key trans- 
ponder 22 by transmitting a signal to the key trans- 
ponder which responds by transmitting the vehicle 
identifying code. The TIRIS reader 1 0 may thus verify 
the key code, unlock the vehicle doors, as well as se- 
lect and perform vehicle initialization functions in- 
cluding but not limited to ignition, seat and seat belt 
adjustment, mirror positioning, and antitheft device 
reset as would be appropriate for best enabling the in- 
tended vehicle operator for prospective operation of 
the vehicle just before operator entry of the vehicle. 
Thus, in operation the vehicle operator with the key 
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transponder in hand or on the person approaches the 
vehicle. When key 22 is interrogated by controller 10 
and then responds with the unique code identifying 
the key as that of an authorized operator, (i.e., an au- 
thorized key 22), the subsystems control means 34b 5 
unlocks the vehicle door (as well as initiating such 
other functions as indicated above) and permits ve- 
hicle entry. 

Vehicle key transponder 22 may also serve as 
the media to allow use and/or access other than ve- 10 
hide entry. Such use and/or access includes parking 
or building access, toll charge credit, credit update, 
fee deduction and billings by receiving and storing 
messages from suitably equipped vehicle parking 
stations. is 

Thus, as an example, an advantageous method 
of using the key transponder 22 feature is to use it to 
receive access validation and parking location as- 
signment from the toll station by verification proce- 
dure. During such use, the TIRIS reader, namely con- 20 
trailer 10, will operate to permit access to special or 
secure areas, e.g., a restricted parking area or a se- 
curity gate, by determining first that key transponder 
22 is entitled to entry into a restricted area by having 
or providing a special access code. In this case the 25 
vehicle ID transponder 30 is caused to retransmit the 
special access code accordingly to a buried antenna 
like that at 31 or other receiving means to gain entry 
to the restricted area. 

Af urther embodiment or realization of the inven- 30 
tion includes provision for en-route data communica- 
tions between the vehicle and a multiplicity of high- 
way broadcast and signalling systems for the purpos- 
es of road toll charge and charge collection and ac- 
counting and the reception of broadcast alert and 35 
warning messages. 

For purposes of en-route vehicle communica- 
tions, the vehicle ID transponder 30 may be located 
on the underside of the vehicle rather than as shown, 
to be activated when the vehicle passes over in- 40 
ground loop antennas such as that designated 31. In 
the case of road toll station communications, in an ex- 
emplary sequence of operations an interrogation sig- 
nal is addressed to the vehicle identification trans- 
ponder by an in-ground antenna 31 and is detected by 45 
the TIRIS reader system controller 1 0 which responds 
with a vehicle identification transmission. After re- 
ception and validation of the vehicle identification, 
the toll station can perform appropriate toll charge 
and credit accounting, and then transmit toll state- 50 
ments back to the vehicle ID transponder 30 which 
routes the information to the controller 10 for storage 
and for optional display by display means 34a. Com- 
munications with roadside alert and warning stations 
are effected in a similar manner via communications 55 
with an in-ground antenna like that designated 31. 
Messages received may be either vehicle- specific to 
be processed only after validation of vehicle identifi- 



cation, or they may be a general broadcast or alerting 
nature. The TIRIS reader, namely controller 10, proc- 
esses this information and may by means of display 
means 34a or suitable other warning device imme- 
diately signal the vehicle operator in the case of need 
for alerting or warning. 

By system integration of read/write transponders 
and associated loop antennas with TIRIS reader and 
a user display enabled by the latter within the vehicle, 
there is thus provided an integrated novel system with 
capability of providing a comprehensive and conve- 
nient range of vehicle related controls and functions 
not heretofore practically achievable. Because of the 
read/write capability of the vehicle transponders, 
there are achieved further advantages of providing 
extra-vehicular communications to allow the vehicle 
operator access to enroute alert and warning mes- 
sages, parking access, toll credit and accounting. 

The present invention thus provides a multichan- 
nel communication system between the vehicle user, 
the vehicle internal subsystems and components, 
and data sources external to the vehicle including but 
not limited to, traveller alert and warning broadcast 
systems, vehicle parking access, toll collection, and 
automatic road toil approval and collections stations. 

Thus, the invention comprehends an integrated 
vehicle communications system for on-board use 
within a vehicle, the system comprising miniaturized, 
self-contained read/write transponder means capa- 
ble of accumulating energy of radio frequency inter- 
rogation as the power source for the respective 
read/write transponder operation, and providing a ve- 
hicle function thereby; an interrogation unit on-board 
the vehicle for interrogating and receiving signals 
from the transponder means; means for providing RF 
communication between the interrogation unit and 
the transponder means for read/write responder op- 
eration by the transponder means in response to in- 
terrogation operation of the interrogation unit; and 
means responsive to the interrogation unit for carry- 
ing out on-board functions in response to such inter- 
rogation. 

In view of the foregoing, it will be seen that the 
several objects of the invention are achieved and 
other advantages are attained. 

The embodiments were chosen and described in 
order to best explain the principles of the invention 
and its practical application to thereby enable others 
skilled in the art to best utilize the invention in various 
embodiments and with various modifications as are 
suited the particular use contemplated. 

As various modifications could be made in the 
constructions herein described and illustrated with- 
out departing from the scope of the invention, it is in- 
tended that all matter contained in the foregoing de- 
scription or shown in the accompanying drawings 
shall be interpreted as illustrative rather than limiting. 
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Claims 

1 . An integrated vehicle communications system for 
on-board use within a vehicle, the system com- 
prising: 

transponder means for a transponder op- 
eration and for providing a vehicle function there- 

by; 

interrogation means on-board the vehicle 
for interrogating and receiving signals from the 
transponder means; 

means for providing communication be- 
tween the interrogation means and the trans- 
ponder means for read/write responder operation 
by the transponder means in response to interro- 
gation operation of the interrogation unit; and 

means responsive to the interrogation 
means for carrying out on-board functions in re- 
sponse to such interrogation. 

2. The system of claim 1, wherein the transponder 
means is a miniaturized self contained read/write 
transponder means using radio frequency inter- 
rogation energy for the transponder operation. 

3. The system of claim 2, wherein said transponder 
further includes means for accumulating said ra- 
dio frequency energy as said source of power 

4. The system as set forth in any preceding claim, 
wherein the transponder means comprises a key 
transponder for use by a vehicle operator to re- 
place or supplement a conventional vehicle key 
for vehicle entry control, the means for providing 
communication providing for RF communication 
between the interrogation means and the key 
transponder for interrogation of the key trans- 
ponder as the vehicle operator with the key trans- 
ponder approaches the vehicle, and wherein the 
means responsive to the interrogation unit per- 
mits vehicle entry if the key transponder author- 
izes such entry. 

5. The system as set forth in claim 4, wherein the 
transponder means comprises a key transponder 
also serves as media for access to premises use 
other than vehicle entry. 

6. The system as set forth in claim 4 or claim 5, 
wherein the means responsive to the interroga- 
tion unit in addition to permitting vehicle entry if 
the key transponder authorizes such entry se- 
lects and performs vehicle initialization func- 
tions, such as ignition, seat and seat belt adjust- 
ment, if the key transponder authorizes such en- 
try. 

7. The system as set forth in any of claims 4 to 6, 



wherein the key transponder enables credit 
transactions with a facility external of the vehicle. 

B. The system as set forth in any of claims 4 to 7, 
5 wherein the key transponder is enabled to send 

safety alert functions to the car. 

9. The system as set forth in any preceding claim, 
wherein the transponder means and means for 

10 providing RF communication are adapted for ena- 

bling transactions with a facility external of the 
vehicle. 

10. An integrated vehicle communications system as 
15 set forth in claim 9, wherein the transactions with 

a facility external of the vehicle are for toll author- 
ization. 

11. An integrated vehicle communications system as 
20 set forth in claim 9 or claim 1 0, wherein the trans- 
actions with a facility external of the vehicle are 
for premises authorization. 

12. The system of any preceding claim, in the form of 
25 a half duplex (HDX) communication system for 

on-board use within a vehicle, andwherein: 

the transponder includes an identification 
code stored as information, said transponder be- 
ing mounted on a key; 

30 the interrogation means providing a radio 

frequency energy interrogation pulse signal at a 
selected frequency for a selected period of time; 

said transponder receiving said interroga- 
tion pulse and said transponder being operable to 

35 accumulate said radio frequency energy to pro- 

vide an energy source for further operating said 
transponder, said transponder transmitting said 
identification code to said interrogation means 
subsequent to said selected period of time; and 

40 means responsive to said interrogation 

means for carrying out on-board functions in re- 
sponse to information received from said trans- 
ponder. 

45 13. The integrated vehicle half-duplex communica- 
tion system of claim 12, wherein the frequency of 
said response transmission is substantially the 
same as the frequency of said interrogate pulse 
signal. 

50 

14. The integrated vehicle half-duplex communica- 
tion system of claim 12 or claim 13, wherein said 
on-board function carried out in response to inter- 
rogation^ starting the vehicle. 

55 

15. The integrated vehicle half-duplex communica- 
tion system of any of claims 12 to 14 wherein the 
frequency of the response signal from said trans- 
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ponder has a first component which is the same 
frequency as said interrogation signal and a sec- 
ond component which is slightly shifted from said 
interrogation frequency. 

5 

16. The system of any preceding claim further com- 
prising: 

a plurality of miniaturized, self-contained 
read/write transponders of the vehicle, each ca- 
pable of receiving energy of radio frequency in- 10 
terrogation as power source for the respective 
read/write transponder operation, and each pro- 
viding a vehicle function. 

1 7. An integrated vehicle communications system as 15 
set forth in claim 16 wherein the means for pro- 
viding RF communication between the interroga- 
tion unit and each of the transponders comprises 

a multiplexer interconnected with the interroga- 
tion means and respective antenna connected 20 
with the multiplexer for RF communication with 
respective transponders. 

18. The integrated vehicle communications system 

of claim 17, wherein said interrogation unit in- 25 
eludes a controller and further including a satel- 
lite interrogator controlled or activated by said 
controller. 

19. An integrated vehicle communications system as 30 
set forth in any of claims 16 to 18, wherein the 
means responsive to the interrogation unit for 
carrying out on-board functions in response to 
such interrogation comprises operator display 
means for displaying system information to the 35 
vehicle operator system information in display 
format to the operator in response to interroga- 
tion/responder operation. 

40 
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(57) An integrated vehicle communications system 
for on-board use within a vehicle which may also com- 
municate with external portions of the system which in- 
cludes miniaturized, self<ontained read/write trans- 
ponders 20, 22, 30 for providing lunctions within the ve- 
hicle, e.g., for sensing conditions and parameters. The 
on-board interrogation unit 10 interrogates and receives 
signals by RF communication provided by on-board an- 
tennas 14, 26, 28 between the interrogation unit and re- 
spective transponders for read/write responder opera- 
tion. The processor 33 with display device 34a and/or 



control circuits 34b carries out on-board functions in re- 
sponse to such interrogation. A transponder 22 may 
serve as a vehicle operator key by which the system 
may verify key code, unlock the vehicle doors, as well 
as select and perform initialization functions including 
ignition, seat and seat belt adjustment, mirror position- 
ing, and antitheft functions before vehicle entry by the 
operator. A transponder 30 may access external control 
data for premises or toll access, and may provide toll or 
credit or service transactions, asf or authorization or ver- 
ification or toll charge debiting purposes. The system 
may include also IR links. 
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